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Abstract
The prospects for detecting trilepton events (ℓ = e or µ) from chargino-
neutralino (χ±1 χ
0
2) associated production are investigated for the upgraded
Fermilab Tevatron Collider in the context of the minimal supergravity model
(mSUGRA). In some regions of parameter space, χ±1 and χ
0
2 decay domi-
nantly into final states with τ leptons and the contributions from τ−leptonic
decays enhance the trilepton signal substantially when soft cuts on lepton
transverse momenta are used. Additional sources of the mSUGRA trilep-
ton signal and dominant irreducible backgrounds are discussed. The dilepton
(ℓ+ℓ−) invariant mass distribution near the endpoint is considered as a test of
mSUGRA mass relations. Discovery contours for pp¯→ 3ℓ+X at 2 TeV with
an integrated luminosity of 2 fb−1 to 30 fb−1 are presented in the mSUGRA
parameter space of (m0,m1/2) for several choices of tan β.
Typeset using REVTEX
I. INTRODUCTION
In the near future the Main Injector (MI) of the Fermilab Tevatron Collider will run at
2 TeV center of mass energy with a luminosity of about 1032 cm−2 s−1 and will accumulate
an integrated luminosity (L) of 2 fb−1 (Run II) or more at each of the CDF and the DØ
detectors. It has been proposed to further upgrade the Tevatron luminosity to 1033 cm−2 s−1
to obtain a combined integrated luminosity L = 30 fb−1 (Run III) [1,2]. Another possibility
is that the MI will run at the Run II luminosity for more years to accumulate a higher
integrated luminosity. The order of magnitude increase in luminosity beyond the 0.1 fb−1
[3,4] now available will significantly improve the possibility that new physics beyond the
Standard Model (SM) could be discovered before the CERN Large Hadron Collider (LHC)
begins operation [2].
In this article we extend our recent study [5] on the prospects of detecting the trilepton
signal with missing transverse energy in the minimal supergravity unified model (mSUGRA)
at the upgraded Tevatron with a detailed consideration of backgrounds and optimized ac-
ceptance cuts to improve the trilepton search. The primary source of trileptons is associated
production of the lighter chargino (χ±1 ) and the second lightest neutralino (χ
0
2) with both
decaying to leptons [6–9]. In mSUGRA with gauge coupling unification, the sleptons (ℓ˜), the
lighter chargino (χ±1 ) and the lighter neutralinos (χ
0
1, χ
0
2) are considerably less massive than
the gluinos and squarks over most of the parameter space. Because of this, the trilepton
signal (3ℓ + E/T ) is the most promising channel [3–9] for supersymmetric particle searches
at the Tevatron. The trilepton background from SM processes can be greatly reduced with
suitable cuts.
In supergravity unified models [10], supersymmetry (SUSY) is broken in a hidden sector
with SUSY breaking communicated to the observable sector through gravitational interac-
tions, leading naturally but not necessarily [11] to a common scalar mass (m0), a common
gaugino mass (m1/2), a common trilinear coupling (A0) and a bilinear coupling (B0) at the
grand unified scale (MGUT). Through minimization of the Higgs potential, the B coupling
parameter of the superpotential and the magnitude of the Higgs mixing parameter µ are
related to the ratio of Higgs-field vacuum expectation values (VEVs) (tan β ≡ v2/v1) and to
the mass of the Z boson (MZ). The SUSY particle masses and couplings at the weak scale
can be predicted by the evolution of renormalization group equations (RGEs) [12] from the
unification scale [13,14]. We evaluate SUSY mass spectra and couplings in the minimal su-
pergravity model in terms ofm0, m1/2, A0 and tan β, along with the sign of the Higgs mixing
parameter µ. The value of A0 does not significantly affect our analysis; therefore, we take
A0 = 0 in our calculations. Non-universal boundary conditions among sfermion masses [15]
or the gaugino masses [16] could change the production cross section and branching fractions
of the charginos and neutralinos. For m1/2 = 200 GeV and tan β <∼ 25, a non-universality
among sfermions significantly enhances the trilepton signal when 50 GeV <∼ m0 <∼ 130 GeV
[15].
The mass matrix of the charginos in the basis of the weak eigenstates (W˜±, H˜±) has the
following form
MC =
(
M2
√
2MW sin β√
2MW cos β µ
)
. (1)
2
Since this mass matrix is not symmetric, its diagonalization requires two matrices [17]. The
sign of the µ contribution in Eq. (1) establishes our sign convention1 for µ, which is equivalent
to the ISAJET convention [18].
In Fig. 1, we present the masses of the lightest neutralino (χ01), the second lightest
neutralino (χ02), the lighter chargino χ
±
1 , the scalar electrons e˜L and e˜R, the lighter tau
slepton (τ˜1), and the lighter bottom squark b˜1 at the mass scale of MZ , and the mass of
the lighter CP-even Higgs scalar (h0) at the scale Q =
√
mt˜Lmt˜R [19,20], versus m0, with
MSUSY = 1 TeV, m1/2 = 200 GeV and µ > 0 for (a) tanβ = 2 and (b) tan β = 35. To a
good approximation, the mass of the lightest chargino mχ±
1
∼ mχ0
2
is about twice mχ0
1
. Also
shown in Fig. 1 are the regions that do not satisfy the following theoretical requirements:
tachyon free and the lightest neutralino as the lightest SUSY particle (LSP). There are
several interesting aspects to note in Fig. 1:
(i) An increase in tanβ leads to a larger mh but a slight reduction in mχ0
1
, mχ±
1
, and a large
reduction of mτ˜1 and mb˜1 .
(ii) Increasing m0 raises the masses of scalar fermions.
(iii) In most of the mSUGRA parameter space, the weak-scale gaugino masses are related
to the universal gaugino mass parameter m1/2 by
mχ0
1
∼ 0.44m1/2, and
mχ±
1
∼ mχ0
2
∼ 0.84m1/2. (2)
Consequently, the trilepton channel could provide valuable information about the value of
m1/2.
The masses of χ±1 and χ
0
2 to the leading order in M
2
W/(µ
2−M22 ) can be expressed as [21]
mχ±
1
=M2 − M
2
W (M2 + µ sin 2β)
µ2 −M22 + 2M2W
,
mχ0
2
=M2 − M
2
W (M2 + µ sin 2β)
µ2 −M22
(3)
We find that M2 and |µ| can be empirically expressed in GeV units as a function of the
GUT scale masses m1/2, m0 and cos 2β as
M2 = 0.851m1/2 + 0.00244m0 − 2.20,
|µ| = am1/2 + b cos 2β + c,
a = 2.34− 0.153(m0/100 GeV) + [1.10− 0.141(m0/100 GeV)] cos 2β,
b = 1.787m0 − 167.5,
c = 1.909m0 − 178.7, (4)
for 100 GeV <∼ m0, m1/2 <∼ 1000 GeV and all tan β for which perturbative RGE solutions
exist. These mass formulas hold to an accuracy of 5% for M2, mχ±
1
and mχ0
2
, and to an
accuracy of 10% for |µ|. These formulas provide useful approximations for quick estimates.
In our analysis, we have used the numerical results from the RGEs.
1 This sign convention for µ is opposite to that of Ref. [5].
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The Yukawa couplings of the bottom quark (b) and the tau lepton (τ) are proportional
to tan β and are thus greatly enhanced when tan β is large. In supersymmetric grand unified
theories, the masses of the third generation sfermions are consequently very sensitive to the
value of tanβ. As tanβ increases, the lighter tau slepton (τ˜1) and the lighter bottom squark
(b˜1) become lighter than charginos and neutralinos while other sleptons and squarks remain
heavy. Then, χ±1 and χ
0
2 can dominantly decay into final states with tau leptons via real or
virtual τ˜1.
One way to detect τ leptons is through their one-prong and three-prong hadronic decays.
The CDF and the D∅ collaborations are currently investigating the efficiencies for detecting
these modes and for implementing a τ trigger [22]. It has been suggested that the τ leptons
in the final state may be a promising way to search for χ±1 χ
0
2 production at the Tevatron if
excellent τ identification becomes feasible [9,23–25].
Another way of exploiting the τ signals [5], which we employ in this article, is to include
the soft electrons and muons from leptonic τ decays by adopting softer but realistic pT cuts
on the leptons than conventionally used [7]. We find that this can improve the significance
of the trilepton signal from χ±1 χ
0
2 production [5].
After suitable cuts, there are two major sources of the SM background [5,7–9,24–28]:
(i) qq¯ → W ∗Z∗,W ∗γ∗ → ℓνℓℓ¯ or ℓ′ν ′ℓℓ¯ (ℓ = e or µ) with one or both gauge bosons being
virtual2, and (ii) qq¯ → W ∗Z∗,W ∗γ∗ → ℓντ τ¯ or τνℓℓ¯ and subsequent τ leptonic decays.
In this article, we substantially improve the background calculations including effects from
virtual W and Z and the contributions from virtual photons that are missing in ISAJET
and not included in earlier studies These contributions are unexpectedly important. We
reoptimize the acceptance cuts to reduce the larger background that resulted.
The experimental measurements of the b → sγ decay rate by the CLEO [29] and LEP
collaborations [30] place constraints on the parameter space of the minimal supergravity
model [31]. It was found that b → sγ disfavors most of the mSUGRA parameter space
when tanβ >∼ 10 and µ < 0 [31]. Therefore, we concentrate on µ > 0 in our analysis when
tan β ≥ 10.
In Section II we discuss the pp¯ → χ±1 χ02 + X cross section and the decay branching
fractions of χ±1 and χ
0
2. The acceptance cuts for the signal and background are discussed
in Section III. We present the trilepton cross section from additional SUSY sources in Sec-
tion IV. When the sleptons (ℓ˜) and the sneutrinos (ν˜) are light, they also contribute to the
trilepton signal via production of ℓ˜ℓ˜ and ℓ˜ν˜. These contributions are at interesting levels
when m0 <∼ 150 GeV and tan β >∼ 20. The discovery potential of the trilepton search at the
upgraded Tevatron is presented in Section V, with 3σ significance contours for observation
or exclusion and 5σ significance contours for discovery. Section VI discusses the end point
reconstruction at the Run III for invariant mass distribution of ℓ+ℓ− from the χ02 decays.
Our conclusions are given in Section VII.
2 If it is not specified, W ∗ and Z∗ represent real or virtual gauge bosons, while γ∗ is a virtual
photon.
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II. ASSOCIATED PRODUCTION OF CHARGINO AND NEUTRALINO
In hadron collisions the associated production of the lighter chargino and the second
lightest neutralino occurs via quark-antiquark annihilation in the s-channel through a W
boson (qq¯′ → W± → χ±1 χ02) and in the t and u-channels through squark (q˜) exchanges.
Figure 2 shows the Feynman diagrams of qq¯′ → χ±1 χ02. The pp¯ → χ±1 χ02 + X cross section
depends mainly on masses of the chargino (mχ±
1
) and the neutralino (mχ0
2
). For squarks
much heavier than the gauge bosons, the s-channel W -resonance amplitude dominates.
If the squarks are light, a destructive interference between the W boson and the squark
exchange amplitudes can suppress the cross section by as much as 40%, compared to the
s-channel contribution alone. For larger squark masses, the effect of negative interference is
reduced.
Feynman diagrams of the chargino and neutralino decays into final states of leptons
and neutrinos and the LSP are shown in Fig. 3: (a) χ±1 → ℓνχ01 or τνχ01 and (b) χ02 →
ℓ+ℓ−χ01 or τ
+τ−χ01. Figure 4 presents the branching fractions of χ
0
2 versus tanβ, with
m1/2 = 200 GeV and several values of m0 for both µ > 0 and µ < 0. For tanβ <∼ 5, the
branching fractions are sensitive to the sign of µ.
For µ > 0, and tan β ∼ 2, we have found that the dominant decays are:
m0 <∼ 50 GeV: χ±1 → ν˜Lℓ and τ˜1ν,
χ02 → ℓ˜Rℓ, τ˜1τ and ν˜Lν ;
60 GeV <∼ m0 <∼ 110 GeV: χ±1 → τ˜1ν,
χ02 → ℓ˜Rℓ and τ˜1τ , (χ02 → ν˜Lν suppressed);
120 GeV <∼ m0 <∼ 170 GeV: χ±1 χ02 → 3ℓ+ E/T via virtual ℓ˜;
m0 >∼ 180 GeV: χ±1 , χ02 → qq¯χ01.
For µ < 0 and tanβ ∼ 2, we have found that the dominant decays are:
m0 <∼ 100 GeV: χ±1 → ν˜Lℓ,
χ02 → ν˜Lν;
m0 >∼ 110 GeV: χ±1 → τ˜1ν,
χ02 → χ01h0.
For m0 ∼ 200 GeV, χ02 dominantly decays (i) into τ τ¯χ01 for 25 <∼ tan β <∼ 40, (ii) into
τ τ˜1 for tan β >∼ 40. For m0 <∼ 300 GeV and large tanβ >∼ 35, both τ˜1 and b˜1 can be
lighter than other sfermions, and χ±1 and χ
0
2 can decay dominantly into final states with τ
leptons or b quarks via virtual or real τ˜1 and b˜1. For m0 >∼ 400 GeV and 5 <∼ tan β <∼ 40,
B(χ02 → τ+τ−χ01) ∼ B(χ02 → e+e−χ01) ∼ 2%
Figure 5 shows the cross section σ(pp¯ → χ±1 χ02 → 3ℓ + X) at
√
s = 2 TeV, which is
the product σ(pp¯→ χ±1 χ02 +X)× B(χ±1 → ℓνχ01)× B(χ02 → ℓ+ℓ−χ01), versus tan β without
acceptance cuts , with m1/2 = 200 GeV and several values of m0 for both µ > 0 and µ < 0.
For tanβ <∼ 5, the branching fractions are sensitive to the sign of µ. For µ < 0 and tanβ ∼ 2,
(a) with m0 = 100 GeV, B(χ
0
2 → ν˜ν) = 0.71 and B(χ02 → h0χ01) = 0.19, some trileptons are
due to χ02 → ℓ˜Rℓ and τ˜1τ ; (b) with m0 = 200 GeV, B(χ02 → h0χ01) = 0.99 and consequently
the trilepton rate drops sharply. For m0 = 100 GeV and m1/2 = 200 GeV, the curves end
at tan β = 28, because the region with tan β >∼ 28 is theoretically forbidden.
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III. ACCEPTANCE CUTS
In this section we present results from simulations for the trilepton signal with an event
generator and a simple calorimeter including our acceptance cuts. The ISAJET 7.40 event
generator program [18] with the parton distribution functions of CTEQ3L [32] is employed
to calculate the 3ℓ + E/T signal from all possible sources of SUSY particles. A calorime-
ter with segmentation ∆η × ∆φ = 0.1 × (2π/24) extending to |η| = 4 is used. We take
the energy resolutions of 0.7√
E
for the hadronic calorimeter and 0.15√
E
for the electromagnetic
calorimeter. Jets are defined to be hadron clusters with ET > 15 GeV in a cone with
∆R ≡ √∆η2 +∆φ2 = 0.7. Leptons with pT > 5 GeV and within |ηℓ| < 2.5 are considered
to be isolated if the hadronic scalar ET in a cone with ∆R = 0.4 about the lepton is smaller
than 2 GeV.
The trilepton signal has dominant physics backgrounds from production of W ∗V ∗, V ∗V ∗
(V = Z or γ), and tt¯. Most backgrounds from the SM processes can be removed with the
following basic cuts:
1. We require three isolated leptons in each event3 with pT > 5 GeV and |ηℓ| < 2.0 and
that a hadronic scalar ET smaller than 2 GeV in a cone with ∆R = 0.4 around the
lepton. This isolation cut removes background from bb¯ and cc¯ decays.
2. We require E/T > 25 GeV in each event to remove backgrounds from SM processes
such as Drell-Yan dilepton production, where an accompanying jet may fake a lepton.
3. To reduce the background from W ∗Z∗ production, we require that the invariant mass
of any opposite-sign dilepton pair with the same flavor not reconstruct the Z mass:
|Mℓℓ¯ −MZ | ≥ 10 GeV.
4. To eliminate the background from J/ψ and Υ, and to reduce the background from
W ∗γ∗ production, we require a minimal value for the invariant mass of any opposite-
sign dilepton pair with the same flavor: Mℓℓ¯ ≥ 12 GeV. A more severe Mℓℓ¯ cut is
imposed later in Eq. (6).
Our acceptance cuts are chosen to be consistent with the experimental cuts proposed for
Run II [33,34] at the Tevatron as follows:
pT (ℓ1) > 11 GeV, pT (ℓ2) > 7 GeV pT (ℓ3) > 5 GeV,
|η(ℓ1, ℓ2, ℓ3)| < 2.0,
E/T > 25 GeV,
Mℓℓ¯ ≥ 12 GeV
|Mℓℓ¯ −MZ | ≥ 10 GeV, (5)
and at least one lepton with pT (ℓ) > 11 GeV and |η(ℓ)| < 1.0.
The surviving total background after these cuts has contributions from four major sources
via quark anti-quark annihilation (Fig. 6): (i) production of e±νµ+µ− and µ±νe+e− (ℓ′ν ′ℓℓ¯),
3 The events with 4 isolated leptons are considered as 4-lepton signals in our analysis.
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(ii) production of e±νe+e− and µ±νµ+µ− (ℓνℓℓ¯), (iii) production of e±ντ+τ− + µ±ντ+τ−
(ℓντ τ¯ ), with subsequent τ leptonic decays, and (iv) production of τ±νe+e− + τ±νµ+µ−
(τνℓℓ¯), with subsequent τ leptonic decays. In addition, there are contributions from the
production of ee¯τ τ¯ + µµ¯τ τ¯ (ℓℓ¯τ τ¯ ), with one τ decaying leptonically and another decaying
hadronically. We employed the programs MADGRAPH [35] and HELAS [36] to evaluate
the background cross section of pp¯ → 3ℓ + E/T + X for contributions from all these five
subprocesses. The background from tt¯ was calculated with ISAJET.
We present invariant mass distribution of the same-flavor lepton pairs with opposite signs
in Fig. 7 for the dominant background from qq¯′ → ℓ′ν ′ℓℓ¯, with the basic cuts in Eq. (5),
but without the Z veto. This background cross section from W ∗γ∗ increases sharply as the
invariant mass becomes smaller for Mℓℓ¯ <∼ 30 GeV. Therefore, a more stringent dilepton
invariant mass cut than that in Eq. (5) is necessary to reduce the background from W ∗γ∗.
Figure 8 shows the transverse mass [MT (ℓ, E/T ] distribution of the lepton associated
with two same-flavor and opposite-sign leptons, dσ/dMT (pp¯→ eνµµ¯+µνee¯+X), from the
dominant background qq¯′ → eνµµ¯ + µνee¯ at the upgraded Tevatron with the basic cuts in
Eq. (5). Also shown are the same distributions of trileptons [pT (ℓ1) ≥ pT (ℓ2) ≥ pT (ℓ3)] from
the SUSY signal for µ > 0, tan β = 3, m1/2 = 200 GeV and m0 = 100 GeV with the basic
cuts. This figure suggests that a cut on the transverse mass [MT (ℓ, E/T )] around MW can
efficiently reduce the backgrounds from W ∗Z∗ +W ∗γ∗.
To further reduce the background from W ∗Z∗ and W ∗γ∗, we require that
|Mℓℓ¯ −MZ | ≥ 15 GeV (Z veto),
Mℓℓ¯ ≥ 18 GeV (γ veto),
MT (ℓ
′, E/T ) ≤ 65 GeV or MT (ℓ′, E/T ) ≥ 85 GeV (W veto). (6)
where Mℓℓ¯ is the invariant mass for any pair of leptons with the same flavor and opposite
signs, and MT (ℓ
′, E/T ) is the transverse mass of the lepton associated with ℓℓ¯.
Some 3ℓ events could be due to Z + jets and W + jets. Since these sources always
originate from b → cℓν followed by c → sℓν, they can be removed by imposing an angular
separation cut between the isolated leptons, giving a background consistent with zero. This
angular separation cut causes almost no signal loss.
The transverse momentum (pT ) distribution for the three leptons of the dominant back-
ground is shown in Fig. 9 for pp¯ → eνµµ¯ + µνee¯ + X . We label the trileptons as ℓ1,2,3,
where ℓ = e or µ, according to the ordering pT (ℓ1) > pT (ℓ2) > pT (ℓ3) of their transverse
momenta. Figure 10 presents the transverse momentum distribution of the three leptons
from the SUSY signal with µ > 0, tanβ = 10, m1/2 = 200 GeV and m0 = 100 GeV. The
most important lesson we learn from Figure 10 is that a large number of ℓ3’s from the SUSY
particle decays have a pT less than 5 GeV. Therefore, it is very important to have a soft pT
acceptance cut on ℓ3 to retain the trilepton events from SUSY sources [5].
The effects of acceptance cuts on the signal and background are demonstrated in Table I.
The trileptons are due to χ±1 χ
0
2 production and the additional SUSY particle sources that
are discussed in the next section. The cross sections of the signal with m1/2 = 200 GeV,
m0 = 100 GeV, and several values of tan β, along with ℓνℓℓ¯, tt¯ and ZZ backgrounds are
presented for four sets of cuts: (a) Basic Cuts: acceptance cuts in Eq. (5); (b) Soft Cuts A:
acceptance cuts in Eqs. (5) and (6); (c) Soft Cuts B: the same cuts as soft cuts A, except
requiring 18 GeV ≤ Mℓℓ¯ ≤ 75 GeV; (d) Hard cuts: the same cuts as soft cuts A, except
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requiring Mℓℓ¯ ≥ 12 GeV, and pT (ℓ1, ℓ2, ℓ3) > 20, 15, and 10 GeV. We observe that the soft
cuts can considerably enhance the signal significance. A more strict cut to require Mℓℓ¯ < 75
GeV as in soft cuts B can further reduce the backgrounds from ℓ′ν ′ℓℓ¯ as well as ℓνℓℓ¯ with
a slight reduction in the trilepton signal for most SUGRA parameters and might slightly
improve the statistical significance. The reach with each of the soft cuts is qualitatively
similar. For brevity, we will present results with soft cuts A in this article.
In Table II, we present masses of relevant SUSY particles for four sets of mSUGRA
parameters:4 The trilepton signal cross sections and values of statistical significance for these
sets of parameters are presented in Table III with an integrated luminosity of L = 30 fb−1.
• Case I: In this case, mℓ˜R ∼ mτ˜1 < mχ±1 ∼ mχ02 , B(χ02 → ℓ˜Rℓ) = 58%, B(χ02 → τ˜1τ) =
41%, and B(χ±1 → τ˜1ν) = 49%, so a large rate for trilepton events is expected. The
χ±1 χ
0
2 production contributes about 81% of the total trilepton signal. The mSUGRA
parameters for this case are in the cosmologically favored region of parameter space
with an appropriate χ01 relic density for cold dark matter (Ωχ01h
2 = 0.24) [20,38].
• Case II: This parameter space point has a large value of tan β = 35 and τ˜1 is much
lighter than χ±1 and χ
0
2; B(χ
0
2 → τ˜1τ) ∼ 100%, and B(χ±1 → τ˜1ν) ∼ 100%. Here, we
anticipate that an inclusive trilepton signal can be extracted with relatively soft lepton
pT cuts, since the detected leptons typically come from τ decays.
• Case III: This parameter space point also has a large tanβ, but the A0 parameter is
chosen so that relatively light t˜1, b˜1 and τ˜1 are generated; B(χ
0
2 → τ˜1τ) ∼ 100%, and
B(χ±1 → τ˜1ν) ∼ 100%. The trileptons should occur at a similar rate as in Case II.
The rather large t˜1t˜1 production cross section may yield an observable t˜1 signal.
• Case IV: This parameter space choice has a small value of tan β = 3 and the A0
has been chosen such that t˜1 is light, while both ℓR and τ˜1 are heavier than χ
±;
B(χ02 → χ01ee¯ + χ01µµ¯) = 6.6%, and B(χ±1 → eν + µν) = 23%. This case could also
provide an opportunity to search for t˜1t˜1 production where t˜1 → bχ±1 with χ±1 → ℓνℓχ01.
Most trileptons in cases I and IV have higher pT than those in cases II and III, because the
latter contain some secondary leptons from τ decays.
At Run II with 2 fb−1 integrated luminosity, we expect about 4 events per experiment
from the background cross section of 1.97 fb. Then the signal cross section must yield a
minimum of 6 signal events for discovery; the Poisson probability for the SM background
to fluctuate to this level is less than 0.8%. At Run III with L = 30 fb−1, we would expect
about 59 background events; a 5σ signal would be 38 events corresponding to a signal cross
section of 1.28 fb, and a 3σ signal would be 23 events corresponding to a signal cross section
of 0.77 fb.
4 These cases were selected for the SUGRA study in the RUN II Workshop on Supersymme-
try/Higgs at the Fermilab [37].
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IV. ADDITIONAL SOURCES OF TRILEPTONS
In addition to the associated production of χ±1 χ
0
2, there are other SUSY contributions to
trilepton events.
1. If the sleptons and sneutrinos are light, ℓ˜ν˜ and ℓ˜ℓ˜ can make important contribution to
the trilepton signal and ν˜ν˜ can make a small contribution.
2. When the charginos (χ±1,2), and the neutralinos (χ
0
2,3,4) are not too heavy, they con-
tribute to the trileptons via χ02χ
0
2, χ
0
2χ
0
3, χ
0
3χ
0
4, χ
±
1 χ
0
3, χ
±
2 χ
0
3, and χ
±
2 χ
0
4 production.
3. When the gluino (g˜), the squarks (q˜), and the neutralinos (χ02,3,4) are not too heavy,
they also contribute to the trileptons via the production of g˜χ02,3 and q˜χ
0
2,3.
4. The production of g˜g˜ and q˜q˜ also make small trilepton contributions.
For m0 >∼ 500 GeV and m1/2 <∼ 300 GeV, the associated production of χ±1 χ02, contributes
at least 95% of the trilepton signal. For m0 <∼ 150 and tanβ >∼ 20, production of ℓ˜ν˜ and
ℓ˜ℓ˜ can enhance the trilepton cross section and may yield observable signals at Run III.
We summarize the contributions to trileptons from various relevant channels for µ > 0 in
Table IV and for µ < 0 in Table V.
V. DISCOVERY POTENTIAL AT THE TEVATRON
The cross sections for the trilepton signal after cuts are shown in Fig. 11 versus m1/2
with tan β = 3 and several values of m0 for both µ > 0 and µ < 0. Figure 12 shows the cross
sections of the trilepton signal and background after cuts versus m1/2 with several values of
m0 and µ > 0 for tan β = 10 and tanβ = 35. Also shown are lines for (i) 6 signal events
with L = 2 fb−1 and (ii) a 5σ signal as well as a 3σ signal with L = 30 fb−1.
To assess the overall discovery potential of the upgraded Tevatron, we present the 99%
C.L. observation contour at Run II and the 5σ discovery contour as well as the 3σ observation
contour at Run III in Fig. 13 for pp¯ → SUSY particles → 3ℓ + X at √s = 2 TeV, with
soft acceptance cuts [Eqs. (5) and (6)], in the parameter space of (m0, m1/2), with tan β =
2, for (a) µ > 0 and (b) µ < 0. All SUSY sources of trileptons are included. Figure 14
shows the 99% C.L. observation contour at Run II and the 5σ discovery contour as well as
the 3σ observation contour at Run III for pp¯→ SUSY particles→ 3ℓ+X in the (m0, m1/2)
parameter space for tanβ = 10 and tan β = 35. We have included all SUSY sources of
trileptons. For 180 GeV <∼ m0 <∼ 400 GeV and 10 <∼ tan β <∼ 40, the χ02 decays dominantly
into qq¯χ01 and in these regions it will be difficult to establish a supersymmetry signal.
In Fig. 15, we present the contours of 99% C.L. observation at Run II and 5σ discovery
as well as 3σ observation at Run III for pp¯ → SUSY Particles → 3ℓ +X in the (m0, m1/2)
plane for tan β = 3 with soft cuts A (|Mℓℓ¯ − MZ | > 15 GeV) and soft cuts B (18 GeV
≤ Mℓℓ¯ ≤ 75 GeV). The lighter CP-even Higgs scalar mass (mh) is sensitive to the value of
tan β. Taking m1/2 = 200 GeV, m0 = 100 GeV, A0 = 0 and µ > 0, we obtain mh = 89.5
GeV for tanβ = 2 and mh = 99.3 GeV for tanβ = 3.
Also shown in Figs. 13, 14 and 15, are the regions that do not satisfy the following
theoretical requirements: electroweak symmetry breaking (EWSB), the correct vacuum for
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EWSB obtained (tachyon free), and the lightest neutralino as the lightest SUSY particle
(LSP). The region excluded by the mχ+
1
<∼ 95 GeV limit from the chargino search [39] at
LEP 2 is indicated.
We calculated cross sections for the signals and the backgrounds with tree level ampli-
tudes. However, we expect that our conclusions and discovery contours will be valid after
QCD radiative corrections are included. Recent studies found that QCD corrections en-
hance the signal cross section of pp¯ → χ±1 χ02 +X by about 10− 30% for 70 GeV <∼ mχ+
1
<∼
300 GeV [40]. QCD corrections also enhance the cross section of the dominant background
pp¯→W ∗Z∗ +W ∗γ∗ +X by about 30% [28,41].
VI. MASS RECONSTRUCTION
If the two-body decay χ02 → ℓ˜Rℓ → ℓ+ℓ− + χ01 is kinematically allowed and a large
integrated luminosity is accumulated, it may be possible to test a predicted mass relation
[42] among mχ0
2
, ml˜R and mχ01 . To demonstrate this interesting possibility, we consider the
following parameters: m1/2 = 200 GeV, m0 = 100 GeV, A0 = 0, tan β = 3 and µ > 0.
We evaluate masses and couplings of SUSY particles at the weak scale with renormalization
group equations and obtain mχ0
2
= 143 GeV, me˜R = 133 GeV mχ01 = 76.0 and µ = 312. The
corresponding trilepton cross section after cuts σ(pp¯ → SUSY particles → 3ℓ + E/ +X) =
8.6 fb, gives a promising signal with 258 events for L = 30 fb−1. The χ±1 χ02 production
contributes about 81% of the total trilepton signal.
We consider the subtracted dilepton invariant mass distribution [42] defined as
dσ
dM
∣∣∣∣∣
ll
=
dσ
dM
∣∣∣∣∣
e+e−
+
dσ
dM
∣∣∣∣∣
µ+µ−
− dσ
dM
∣∣∣∣∣
e+µ−
− dσ
dM
∣∣∣∣∣
e−µ+
. (7)
The subtractions remove the lepton pairs with one lepton coming from χ±1 and another
coming from χ02. This mass distribution has a sharp edge (endpoint) that appears near the
kinematic limit for this decay sequence, i.e.,
MMAXℓℓ¯ =Mχ02
√√√√1− M2ℓ˜
M2
χ0
2
√√√√1− M
2
χ0
1
M2
ℓ˜
≈ 45 GeV. (8)
Figure 16 shows the subtracted invariant mass distribution for two leptons with opposite
signs (ℓ+ℓ−) from pp¯→ SUSY particles→ 3ℓ +X with µ > 0, tan β = 3, m1/2 = 200 GeV,
and m0 = 100 GeV. This distribution may allow a test of the mSUGRA mass relations in
this optimal case with a high cross section, provided that a large luminosity accumulation
(L >∼ 10 fb−1) is obtained.
VII. CONCLUSIONS
In most of the mSUGRA parameter space, χ±1 χ
0
2 production is the dominant source of
trileptons. For m0 <∼ 150 and tan β >∼ 20, production of ℓ˜ν˜ and ℓ˜ℓ˜ can enhance the trilepton
signal and may yield observable rates at Run III in regions of parameter space that are
otherwise inaccessible.
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In some regions of the mSUGRA parameter space, the χ±1 and the χ
0
2 decay dominantly
to final states with τ leptons. The subsequent leptonic decays of these τ leptons contribute
importantly to the trilepton signal from χ±1 χ
0
2 associated production. With soft but realistic
lepton pT acceptance cuts, these τ → ℓ contributions can substantially enhance the statistical
significance of trilepton signal, compared to that with hard cuts. The branching fractions
of χ±1 and χ
0
2 decays into τ leptons are dominant when the universal scalar mass m0 is less
than about 200 GeV and/or tan β >∼ 40.
The Tevatron trilepton searches are most sensitive to the region of mSUGRA parameter
space with m0 <∼ 100 GeV and tan β <∼ 10. The discovery possibilities of the upgraded
Tevatron for µ > 0 are summarized in the following:
• For m0 ∼ 100 GeV and tan β ∼ 2, the trilepton signal should be detectable at the
Run II if m1/2 <∼ 240 GeV (mχ±
1
<∼ 177 GeV), and at the Run III if m1/2 <∼ 260 GeV
(mχ±
1
<∼ 195 GeV).
• For m0 ∼ 150 GeV and tan β ∼ 35, the trilepton signal should be detectable at the
Run III if m1/2 <∼ 170 GeV (mχ±
1
<∼ 122 GeV).
• For m0 >∼ 600 GeV and tan β ∼ 35, the trilepton signal should be detectable at the
Run III if m1/2 <∼ 170 GeV (mχ±
1
<∼ 130 GeV).
It might be difficult to establish a trilepton signal for 180 GeV <∼ m0 <∼ 400 GeV and
3 <∼ tanβ <∼ 35, because for these parameters χ±1 and χ02 dominantly decay into qq¯′χ01,
and the leptonic decays of χ02 is suppressed. However, the important lesson is that the
experiments at the Tevatron may probe a substantial region not accessible at LEP 2.
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TABLES
TABLE I. The cross section of pp¯ → SUSY particles → 3ℓ + X in fb versus tan β for
m1/2 = 200 GeV and m0 = 100 GeV along with the trilepton cross sections of the SM back-
grounds (BG) and values of statistical significance (NS ≡ S/
√
B, S = number of signal events, and
B = number of background events) for an integrated luminosity of L = 30 fb−1, at the upgraded
Tevatron with six sets of cuts: (a) Basic Cuts: cuts in Eq. (5); (b) Soft Cuts A: cuts in Eqs. (5)
and (6); (c) Soft Cuts B: the same cuts as soft cuts A1, except requiring 18 GeV ≤Mℓℓ¯ ≤ 75 GeV;
(d) Hard Cuts: the same cuts as soft cuts A, except requiring Mℓℓ¯ ≥ 12 GeV, and pT (ℓ1, ℓ2, ℓ3) >
20, 15, and 10 GeV.
tan β \ Cuts Basic Soft A Soft B Hard
3 12.8 8.82 8.41 4.04
10 3.49 2.57 2.43 1.13
20 1.18 0.90 0.79 0.34
25 0.66 0.50 0.43 0.20
SM BG
ℓ′ν ′ℓℓ¯ 2.63 0.72 0.60 0.32
ℓνℓℓ¯ 2.09 0.41 0.30 0.20
ℓντ τ¯ 0.60 0.45 0.41 0.22
τνℓℓ¯ 0.37 0.20 0.13 0.11
ℓℓτ τ¯ 0.12 0.08 0.06 0.04
tt¯ 0.14 0.11 0.06 0.009
Total BG 5.95 1.97 1.56 0.90
tan β \ NS
3 28.7 34.4 36.9 23.3
10 7.8 10.0 10.7 6.5
20 2.6 3.5 3.5 2.0
25 1.5 1.9 1.9 1.2
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TABLE II. Masses of relevant SUSY particles for four mSUGRA cases along with the value
of the Higgs mixing parameter µ > 0.
Parameters \ Cases I II III IV
m0 100 140 200 250
m1/2 200 175 140 150
A0 0 0 -500 -600
tan β 3 35 35 3
Masses of relevant SUSY particles
The µ parameter 312 241 286 369
mg˜ 508 455 375 403
mu˜L 457 417 375 420
md˜L 463 424 383 426
mu˜R ∼ md˜R 440 406 367 413
mt˜1 306 297 153 134
mb˜1 418 329 213 346
mχ±
1
141 126 106 109
mχ0
1
76 69 56 57
mχ0
2
143 127 107 111
mℓ˜R 133 162 212 260
mτ˜1 132 104 88 257
mℓ˜L 180 194 229 275
mν˜L 165 177 214 266
TABLE III. The cross section (in fb) of pp¯→ SUSY particles→ 3ℓ+X at √s = 2 TeV for the
four mSUGRA cases described in Table II with contributions from various SUSY channels. For each
mSUGRA case, the statistical significance NS ≡ S/
√
B, S(B) = number of signal (background)
events, is presented for an integrated luminosity L = 30 fb−1 and the four sets of acceptance cuts
described in Table I.
Acceptance Cuts \ Cases I II III IV SM Background
Cross Section
Basic Cuts 12.8 1.58 1.94 4.13 5.95
Soft Cuts A 8.82 1.21 1.32 3.06 1.97
Soft Cuts B 8.41 0.97 1.18 2.97 1.56
Hard Cuts 4.04 0.47 0.30 1.58 0.90
Statistical Significance: NS ≡ S/
√
B
Basic Cuts 28.7 3.5 4.4 9.3
Soft Cuts A 34.4 4.7 5.2 12.0
Soft Cuts B 36.9 4.3 5.2 13.0
Hard Cuts 23.3 2.7 1.7 8.8
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TABLE IV. The cross section of pp¯ → 3ℓ + X in fb versus tan β with contributions from
various relevant SUSY channels at
√
s = 2 TeV with the acceptance cuts described in Eqs. (5) and
(6) for µ > 0, m1/2 = 200 GeV, tan β = 2, 10, 20 and 35 (25 for m0 = 100 GeV).
Channel \ tan β 2 10 20 35(25)
(i) m0 = 100 GeV
Total 9.58 2.57 0.90 0.50
χ±1 χ
0
2 7.86 1.74 0.40 0.13
ℓ˜ν˜ 0.68 0.32 0.18 0.10
ℓ˜ℓ˜ 0.35 0.16 0.15 0.13
χ02χ
0
2, χ
0
2χ
0
3, χ
0
3χ
0
4, 0.30 0.12 0.05 0.05
χ±1 χ
0
3,4, χ
±
2 χ
0
3,4 χ
±
1 χ
∓
2 , χ
±
2 χ
∓
2 0.04 0.08 0.06 0.05
g˜χ02,3, q˜χ
0
2,3,g˜g˜, q˜q˜,ν˜ν˜ 0.35 0.15 0.06 0.04
(ii) m0 = 200 GeV
Total 2.11 0.23 0.25 0.31
χ±1 χ
0
2 1.92 0.16 0.17 0.19
ℓ˜ν˜ 0.06 0.02 0.02 0.03
ℓ˜ℓ˜ 0.03 – 0.01 0.01
χ02χ
0
2, χ
0
2χ
0
3, χ
0
3χ
0
4, 0.02 – 0.01 0.02
χ±1 χ
0
3,4, χ
±
2 χ
0
3,4 χ
±
1 χ
∓
2 , χ
±
2 χ
∓
2 0.01 0.02 0.02 0.02
g˜χ02,3, q˜χ
0
2,3,g˜g˜, q˜q˜,ν˜ν˜ 0.07 0.03 0.02 0.04
(iii) m0 = 500 GeV
Total 0.27 0.48 0.46 0.42
χ±1 χ
0
2 0.26 0.46 0.45 0.41
χ02χ
0
2, χ
0
2χ
0
3, χ
0
3χ
0
4, – 0.01 – –
χ±1 χ
0
3,4, χ
±
2 χ
0
3,4 χ
±
1 χ
∓
2 , χ
±
2 χ
∓
2 0.01 0.01 0.01 0.01
g˜χ02,3, q˜χ
0
2,3,g˜g˜, q˜q˜,ν˜ν˜ – – – –
TABLE V. The cross section (in fb) of pp¯ → 3ℓ + X at √s = 2 TeV with contributions
from various SUSY channels and the acceptance cuts described in Eqs. (5) and (6), for µ < 0,
m1/2 = 160 GeV, tan β = 2 and several choices of m0.
Channel \m0 (GeV) 100 200 500 1000
Total 4.91 3.24 1.12 0.89
χ±1 χ
0
2 3.74 2.62 1.07 0.88
ℓ˜ν˜ 0.12 0.15 – –
ℓ˜ℓ˜ 0.12 0.03 – –
χ02χ
0
2, χ
0
2χ
0
3, χ
0
3χ
0
4, 0.20 0.09 0.01 –
χ±1 χ
0
3,4, χ
±
2 χ
0
3,4 χ
±
1 χ
∓
2 , χ
±
2 χ
∓
2 0.04 0.02 – –
g˜χ02,3, q˜χ
0
2,3,g˜g˜, q˜q˜,ν˜ν˜ 0.69 0.32 0.04 0.01
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FIGURES
FIG. 1. Masses of χ01, χ
0
2, χ
±
1 , e˜L, e˜R, τ˜1 and b˜1 at the MZ mass scale and mass of h
0 at
the mass scale Q =
√
mt˜Lmt˜R , versus m0, with MSUSY = 1 TeV, m1/2 = 200 GeV and µ > 0 for
(a) tan β = 2 and (b) tan β = 35. The shaded regions are excluded by theoretical requirements
(tachyons and LSP).
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(a)
(b)
q
q
q¯′
q¯′
W ±
χ±1
χ±1
χ20
χ20
q˜
qq ¯′ → χχ± 201
FIG. 2. Feynman diagrams of qq¯′ → χ±1 χ02.
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FIG. 3. Feynman diagrams of (a) χ±1 → ℓνχ01 or τνχ01 and (b) χ02 → ℓ+ℓ−χ01 or τ+τ−χ01.
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FIG. 4. Branching fractions of χ02 decays into various channels versus tan β with m1/2 = 200
GeV, for (a) µ > 0 and m0 = 100 GeV, (b) µ > 0 and m0 = 200 GeV, (c) µ < 0 and m0 = 100
GeV, and (d) µ < 0 and m0 = 200 GeV.
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FIG. 5. Cross section of pp¯→ χ±1 χ02 → 3ℓ+X at
√
s = 2 TeV without cuts versus tan β, with
m1/2 = 200 GeV and several values of m0 for (a) µ > 0 and (b) µ < 0. For m0 = 100 GeV, the
curves end at tan β = 28, because the region with tan β >∼ 28 is theoretically forbidden.
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FIG. 6. Feynman diagrams of ud¯→ e+νeµ+µ−.
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FIG. 7. Invariant mass (Mℓℓ¯) distribution of the lepton pairs with the same flavor and opposite
sign [dσ/dMℓℓ¯(pp¯ → eνµµ¯ + µνee¯ + X)], for the dominant background from qq¯′ → ℓ′ν ′ℓ+ℓ−, at√
s = 2 TeV, with the basic cuts in Eq. (5), but without Z-veto. Also shown is the invariant mass
distribution of eµ¯ + µe¯ with opposite signs.
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FIG. 8. Transverse mass [MT (ℓ, E/T )] distribution of the lepton associated with two
same-flavor and opposite-sign leptons from the dominant background qq¯′ → eνµµ¯+ µνee¯ with the
basic cuts in Eq. (5). Also shown are the same distributions of trileptons [pT (ℓ1) ≥ pT (ℓ2) ≥ pT (ℓ3)]
from the SUSY signal with the basic cuts for µ > 0, tan β = 3, m1/2 = 200 GeV and m0 = 100
GeV.
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FIG. 9. Transverse momentum (pT ) distribution of the trileptons from qq¯
′ → ℓ′νℓ+ℓ− at the
upgraded Tevatron [dσ/dpT (pp¯→ eνµµ¯+µνee¯+X)], with the basic cuts in Eq. (5), for the three
leptons with pT (ℓ1) ≥ pT (ℓ2) ≥ pT (ℓ3) ≥ 1 GeV.
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FIG. 10. Transverse momentum distribution of pp¯ → SUSY particles → 3ℓ + X at √s = 2
TeV with the basic cuts in Eq. (5) and pT (ℓ1) ≥ pT (ℓ2) ≥ pT (ℓ3) ≥ 1 GeV, for µ > 0, tan β = 10,
m1/2 = 200 GeV and m0 = 100 GeV
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FIG. 11. Cross section of pp¯→ SUSY particles→ 3ℓ+X with soft acceptance cuts [Eqs. (5)
and (6)], versus m1/2, at
√
s = 2 TeV, with tan β = 2, m0 = 100 GeV (solid), 200 GeV (dot-dash),
500 GeV (dash) and 1000 GeV (dot) for (a) µ > 0 and (b) µ < 0. Also noted by lines are the cross
sections for (i) 6 signal events with L = 2 fb−1 (dot), and (ii) 5 σ signal (dash) as well as 3 σ signal
(dot-dash) for L = 30 fb−1. The chargino mass is given on the top horizontal scale with m0 = 500
GeV.
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FIG. 12. Cross section of pp¯→ SUSY particles→ 3ℓ+X with soft acceptance cuts [Eqs. (5)
and (6)], versus m1/2, at
√
s = 2 TeV, with µ > 0, m0 = 100 GeV (solid), 200 GeV (dot-dash),
500 GeV (dash) and 1000 GeV (dot), for (a) tan β = 10 and (b) tan β = 35, Also noted by lines
are the cross sections for (i) 6 signal events with L = 2 fb−1 (dot), and (ii) 5 σ signal (dash) as
well as 3 σ signal (dot-dash) for L = 30 fb−1. The chargino mass is given on the top horizontal
scale with m0 = 500 GeV.
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FIG. 13. Contours for 99% C.L. observation at Run II and 5σ discovery as well as 3σ obser-
vation at Run III in the (m0,m1/2) plane, for pp¯→ SUSY particles→ 3ℓ+X at
√
s = 2 TeV with
soft acceptance cuts [Eqs. (5) and (6)], for tan β = 2, (a) µ > 0 and (b) µ < 0. All SUSY sources
of trileptons are included. The shaded regions denote the parts of the parameter space excluded
by (i) the theoretical requirements, or (ii) the chargino search at LEP 2.
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FIG. 14. The same as Fig. 13, for µ > 0, (a) tan β = 10 and (b) tan β = 35.
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FIG. 15. The same as Fig. 13, for µ > 0 and tan β = 3, with (a) soft cuts A (|Mℓℓ¯−MZ | > 15
GeV) and (b) soft cuts B (18 GeV ≤Mℓℓ¯ ≤ 75 GeV). The calculations in this figure are based on
ISAJET 7.44 which incorporates the decay matrix elements for the charginos and the neutralinos.
FIG. 16. The subtracted invariant mass distribution for the same flavor lepton pairs with
opposite signs (ℓ+ℓ−) as defined in Eq. 7, for pp¯→ SUSY particles→ 3ℓ+X at √s = 2 TeV, with
µ > 0, tan β = 3, m1/2 = 200 GeV, and m0 = 100 GeV.
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